OBJECTIVE: The aim of this study was to determine the potential association of foot pain and plasmatic adipocytes as physiological biomarkers of childhood obesity with the incidence of flatfoot in a cohort of Egyptian school children aged 6 -12 years.
demographic and clinical data of the participants are in Table (1) .
Anthropometric measurements
Based on the BMI cut off criteria previously devolved by Cole et al. 16 and specific to age and gender, the participants in the study were divided into four categories: underweight (BMI; > 16.2 kg/m 2 ), normal weight (BMI; 16.2 -17.3kg/m 2 ), overweight (BMI; 17.4 -21.45kg/m 2 ), and obese (BMI; ≥ 22 kg/m 2 ). In addition, waist-to-height ratio (WHtR) was also calculated according to Ashwel et al. 17 and other authors. [18] [19] [20] [21] [22] Assessments of adipocytokines ELISA kits specific for leptin and resistin were used to estimate adipocytokines in plasma samples of all the participants. Also, IL-6 and TNF-α Cytokines production in plasma samples was evaluated with an ELISA assay kit (EndogenTema, USA).
Assessment of Flat foot
Flat foot was significantly estimated by a welltrained trauma physician and orthopedist by using a classic wooden podoscope (60 x 40 x 40 cm). Finally, based upon Denis measurements, children who displayed second-and third-grade plantar footprint were well-defined as flatfooted. 20 Foot pain was assessed by using a standard validated VAS of 100 mm. 21 Due to the conceptual complexity required to understand VAS, especially for younger ages, 22,23 VAS scores of our subjects with ages below eight years were standardized based on a pre-validated Faces Pain Scale. 19-24
Statistical analysis
The statistical SPSS software for Windows v.20 package was used to calculate frequencies of the studied variables. Both ANOVA and Dunnett post hoc test was used to compare the data between groups. The χ 2 test was applied to determine the statistical association between the studied variables; the data were considered significant at p < 0.05 with 95% CI.
INTRODUCTION
Childhood is frequently associated with deformities in the lower extremities. 1 In children, flexible or flat feet are the most (90%) frequent foot problems. 2 These abnormalities result in other feet complications such as gait disorders, foot depression, poor foot function, severe musculoskeletal pathologies, and a negative effect on the quality of life. 1-4 A limited ankle joint range of motion with a higher risk of foot pain, knee pain, foot injury, stress fracture, abnormal gait, and poor exercise performance were associated with flat foot, particularly in children. [4] [5] [6] [7] In children with obesity, higher frequency of flatfoot was reported compared to those of normal weight. 7-9 Also, weight-bearing or obesity increases pressure on the plantar area, which consequently produces an increase in foot length, width, and as a result, a change in foot size. [8] [9] [10] In obese adolescents, higher levels of visfatin, leptin, and lower adiponectin concentrations were evaluated compared to their healthy counterparts. [8] [9] [10] [11] [12] [13] Also, subjects with obesity showed an increase in the levels of tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6) as pro-inflammatory markers. 11-13 In addition, leptin and resistin as biomarkers of childhood obesity showed a correlation with bone mineral density (BMD) and bone mineral content (BMC) of the femoral neck and lumbar spine, 12-17 thus playing a significant role in mediating the foot-bone axis. After considering the aforementioned studies, 8-15 the aim of this study was to determine the potential association of foot pain and plasmatic adipocytes as physiological biomarkers of childhood obesity with the incidence of flatfoot in a cohort of Egyptian school children aged 6 -12 years.
METHODS

Subjects
This cross-sectional study included a total of 550 Egyptian schoolchildren (boys n=220 and girls n=330) aged 6-12 years who were randomly invited in September 2014 and June 2015 from different elementary and Prep public schools in Mansoura, Egypt, to participate in this descriptive survey analyses. Children with muscle weakness, paralysis, intellectual disability, endocrine and cardiovascular disorders, congenital abnormalities below the level of the ankle, cerebral palsy, history of surgery, and musculoskeletal or neurologic diseases were excluded from this study. The in 240 (43.6%) of the subjects; they were classified into low weight (4.16%), overweight (33.3%), and obese (62.5%) ( Table 1) .
In this study, flatfoot was estimated in 30.4% (n=167), higher in boys than in girls (boys: 32.27, girls: 28.8%; p=0.01) up to the age of 10 years (16.9%), without difference in the prevalence rates with respect to age (p=0.21), as shown in figure (1A), and figure (1B). The prevalence of flatfoot peaked at 6, 7, and eight years old for both boys and girls. The prevalence of flatfoot in schoolchildren aged seven and eight years was significantly higher (all P=0.001) than in older children, regardless of gender ( Figure 1B ).
In addition, compared to subjects with normal weight, higher significant rates of flatfoot were reported in subjects with obesity (52%, P=0.001), overweight (31.25%, P=0.01), and low weight (33.3 %, p=0.01), respectively, as seen in the figure (1C).
Foot pain was shown to increase in overweight and obese children with flat foot compared to children with normal weight ( Figure 1A & 1B) . Foot pain scores correlated positively with adiposity markers in obese children with flatfoot (P=0.001).
In figure (1D) and table (2), there was a significant increase in the plasma levels of adiponectin, leptin, resistin, Il-6, and TNF-α in overweight (P=0.01) and obese (P=0.001) subjects compared to normal-weight subjects. Underweight subjects showed lower levels of the studied parameters, but the data obtained was not statistically significant (P=0.13). Subjects with flatfoot showed higher (P=0.001) levels of adiponectin, leptin, resistin, Il-6, and TNF-α compared to subjects with normal foot stance ( Figure 1D ).
In this study, younger age (β = -0.256), male gender (β =-0.089), and overweight (β =0.316) were closely related to flat foot incidence among obese subjects (table 2). Along with age and gender, adiponectin (β = 0.125), leptin (β = 0.235), resistin (β = 0.136), Il-6 (β = 0.146), TNF-α (β = 0.325), and BMI were also predictors of flatfoot (β =0.258). The studied variables explained 65% of the variance among our schoolaged students.
In addition, our data showed that school children with obesity had a higher risk of flat foot (6.1 times; P=0.001) and foot pain (8.5 times;P=0.001), with significant increase (p=0.005) in the level of adipocytes cytokines, as well as adiponectin, leptin, resistin, Il-6, and TNF-α, compared to subjects with normal BMI (Table 2) . Also, there were detrimental effects of foot pain (1.11 times; P=0.001) and flat foot (2.69 times; P=0.001) reported in subjects with low weight compared to normal subjects.
DISCUSSION
The findings of this study showed that foot pain was significantly associated with flat foot and adiposity markers in all subjects. The prevalence of flatfoot significantly (all P=0.001) peaked at six, seven, and eight years of age for both boys and girls compared to older children, regardless of gender. Other studies had similar results, most of which on younger or infants and showing ratios of flatfoot. 16-19,22-24 During childhood, age, gender, adiposity, and ligamentous laxity are considered the most predisposing factors and strongly determine the prevalence of flatfoot. [20] [21] [22] Overall, in this study, flatfoot was found in 30.4% of the study population. Boys had higher prevalence rates for flatfoot than girls (32.27 in boys vs28.8% in girls; p=0.01). Consistent with current results, previous research found flat foot in 52% of boys and 36% of girls aged 3-6 years old. 12,21- 24 This study showed that 43.6% of the subjects had an abnormal change in BMI. The prevalence of increased BMI was 33.3% in overweight and 62.5% in obese schoolchildren, respectively. Our results are consistent with other studies, which reported a relatively high prevalence of overweight, and obesity among children aged 6-12 years. 12, 14, 15 In this study, BMI correlated positively with flat foot among school-age children. The prevalence for flatfoot was significantly higher in schoolchildren with obesity (52%, P=0.001), overweight (31.25%, P=0.01), and low weight (33.3 %, p=0.01) compared to the prevalence of flat foot (17.2 %) in children with normal weight. Consistent to our results, significant variations in the prevalence of flatfoot were reported in under-weight (13.9%), normal-weight (16.1%), overweight (26.9%), and obese (30.8%) schoolchildren aged 3-18 years. 12, 15 This may be explained by the fact that excess weight exerts more stress and load on the ligaments and soft tissues of the foot, which induces injuries and deformities in the feet. [12] [13] [14] [15] [16] In our study, a significantly higher likelihood of flatfoot (33.3 %, p=0.01) was reported in elementary school children aged 6-8 years old who were underweight, suggesting that underweight children were likely to have flatfoot, compared with those of normal weight (17.2 %). Similarly, a higher likelihood of flatfoot was reported in younger ages of underweight preschool children. 12, 17 Obesity was shown to be correlated with the incidence and development of foot pain. 2-9,12- 16 The results of the current study showed that in overweight (P=0.01) and in obese (P=0.001) children with flatfoot, there is a significant increase in the levels of adiponectin, leptin, resistin, IL-6, and TNF-α, in comparison to normal subjects. Similarly, a positive higher prevalence of foot pain with obesity was reported in young and adult subjects with flatfoot. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] Pain and biomechanical changes in weight-bearing joints, such as the hip, knee, or foot structures were shown to be correlated with metabolic changes in adipokine profile, particularly higher levels of adiponectin and leptin. 12,20-24
CONCLUSION
Foot pain showed an association with flat foot and childhood obesity in 30.4% of school-age children (6-12 years) . Foot pain was shown to correlate positively with the incidence of flat foot and changes in adiposity markers, such as adiponectin, leptin, resistin, Il-6, TNF-α.
